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[001] This application claims the benefit of Korean Patent Application No. 2002- 
88096, filed on December 31, 2002, which is hereby incorporated by reference for all 
purposes as if fully set forth herein. 

BACKGROUND OF THE INVENTION 

Field of the Invention 

[002] The present invention relates to a liquid crystal display (LCD), and more 
particularly, to a reflective plate having a peak and depression structure to enhance optical 
efficiency of an LCD and a fabrication method thereof. 

Description of the Related Art 

[003] In general, the cathode ray tube (CRT) has been the most popular display 
device but it is very inconvenient to use because of its large size and heavy weight as 
compared to display area. 

[004] Accordingly, a thin flat panel display was developed which can be installed 
and used anywhere due to its thinness despite its large display area. The thin flat panel 
display is being substituted for the CRT, especially, a thin film transistor liquid crystal 
display (TFT-LCD). The TFT-LCD has a better resolution than other display devices and a 
response speed as fast as a CRT in displaying a moving picture. 

[005] The operation of such a TFT-LCD will be described briefly. When a pixel is 
switched by a thin film transistor, the switched pixel controls the light transmittance of a 
lower light source. Most switching elements are amorphous silicon thin film transistors (a- 
Si: H TFT) whose semiconductor layer is formed of amorphous silicon. This is because that 
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the amorphous silicon thin film can be formed at a low temperature on a large insulating 
substrate such as an inexpensive glass substrate. 

[006] A general LCD operates such that an image is displayed using the light 
generated from a light source called backlight. However, such an LCD is a very inefficient 
optical modulator in that only 3 to 8 % of the light that is incident from the backlight is 
transmitted. When it is assumed that the transmittance of two polarizing plates provided on 
an upper plate and a lower plate of the LCD is 45 %; the transmittance of two glass 
substrates of the upper plate and the lower plate is 94 %; the aperture ratio of the TFT array 
and the pixel is 65 %; the transmittance of a color filter is 27 %, the overall light 
transmittance of the LCD is calculated to be about 7.4 %. Similarly, because the actual 
light power emitted from the LCD display image is merely about 7 % of the light power 
emitted from the backlight, the backlight power should be increased as much as needed to 
achieve a high luminance LCD. As a result, the backlight needs more power. Thus, when 
an LCD is employed in a portable apparatus such as a notebook computer or a mobile 
communication terminal, a battery has been used to provide sufficient backlight power. 

[007] However, the use of a battery increases the weight of the portable device, for 
instance, a notebook computer or a mobile communication terminal, and also has a 
limitation that it cannot be used for a long time. To overcome this problem, reflective 
LCDs have been studied in which a backlight is not employed. 

[008] The reflective LCD is structured to reflect external light by substituting 
opaque reflective material for the pixel electrodes formed of transparent electrodes in a 
conventional transmissive LCD. As a result, because the reflective LCD is operated only 
using natural light without any backlight, the power consumed by a backlight is saved and 
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the reflective LCD may be used for a long time on battery power. The aperture ratio of the 
reflective LCD is better than the conventional LCD employing a backlight. 

[009] Meanwhile, a user may use the reflective LCD where there is not enough 
natural light or artificial light. In other words, the reflective LCD can be used where natural 
light may be used or in an office in which artificial light may be used, but it cannot be used 
in a dark environment in which there is no natural light. 

[010] Therefore, recently, a transflective LCD that combines the advantage of a 
reflective LCD using ambient light and the advantage of a transparent LCD using a 
backlight has been studied and researched. 

[Oil] Referring to FIGs. 1 and 2, the configuration and fabrication process of a 
conventional reflective LCD will be described. 

[012] FIG. 1 illustrates a plan view of a conventional reflective LCD schematically 
and FIG. 2 illustrates a cross-sectional view of the thin film transistor area of the LCD taken 
along the line I-I of FIG. 1 schematically. 

[013] Here, FIG. 1 shows only a lower substrate on which the thin film transistor 
and the pixel region are prepared. FIG. 2 also shows an upper substrate having a color filter 
with the lower substrate of the reflective LCD. 

[014] A plurality of data lines 1 56 for applying data signals to a source electrode 
161 and a plurality of gate lines 155 for applying gate signals to a gate electrode 121 are 
arranged in a matrix configuration on a glass substrate 111 of the lower substrate of the 
conventional reflective LCD. Regions defined by the crossing of the data lines 156 and the 
gate lines 155 correspond to pixel regions for displaying images. In the reflective LCD, a 
pixel electrode 181 serving as a reflective plate is formed on the pixel region. 
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[015] As shown in FIG. 2, a gate electrode 121 of conductive material such as 
metal is formed on the transparent glass substrate 1 1 1 . A gate insulating layer 130 of 
silicon nitride (SiNx) or silicon oxide (SiOx) covers the gate electrode 121. On the gate 
insulating layer 130 covering the gate electrode 121, an active layer 141 of amorphous 
silicon is formed- On the active layer 141, an ohmic contact layer 151, 152 of impurity- 
doped amorphous silicon is formed- On the ohmic contact layer 151, 152, source and drain 
electrodes 161 and 162 of conductive material such as metal are formed. The source and 
drain electrodes 161 and 162 form a thin film transistor (T) together with the gate electrode 
121. 

[016] On the source and drain electrodes 161 and 162, a passivation layer 170 of 
silicon nitride (SiNx), silicon oxide (SiOx), or organic insulator is formed. The passivation 
layer 170 has a contact hole 171 exposing the drain electrode 162. The passivation layer 
170 may be formed by sequentially depositing a first passivation film of SiNx or the like 
and a second passivation film of BCB or the like. 

[017] On the pixel region of the passivation layer 170, a pixel electrode 181 of 
transparent conductive material may be formed. The pixel electrode 181 may be connected 
with the drain electrode 162 through the contact hole formed in the passivation layer 170. 
The pixel electrode 181 also serves as a reflective plate so as to display an image. Although 
not shown in the drawings, on the pixel electrode 181, an alignment layer of material such 
as polyimide aligned in a predetermined direction may be formed. 

[018] Here, the gate electrode 121 may be connected with the gate line 155, and 
the source electrode 161 may be connected with the data line 156. The gate line 155 may 
be arranged substantially perpendicular with the data line 156 to define the pixel region. 
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[019] Over the lower substrate having the aforementioned structure, an upper 
substrate may be arranged with a predetermined interval. The upper substrate includes a 
black matrix 120 formed to correspond to the thin film transistor of the lower substrate, to 
prevent light from leaking in areas other than the pixel region. 

[020] Below the black matrix 120, a color filter 1 3 1 of red (R), green (G) and blue 
(B) is sequentially and repeatedly formed. In the color filter 131, one color corresponds to 
one pixel region. The color filter 131 may be formed by a dying method, a printing method, 
a pigment dispersion method, an electrodeposition method, or the like. 

[021] Afterwards, below the color filter 131, a common electrode 140 made of 
transparent conductive material may be formed. Below the common electrode 140, a 
second alignment layer (not shown) made of material such as polyimide having an 
alignment surface aligned in a predetermined direction may be formed. 

[022] In the general reflective LCD configured as described above, the light that is 
incident through the upper substrate passes through liquid crystal layer 190, is reflected by 
the reflecting surface, passes through the liquid crystal layer 190 and the upper substrate 
sequentially, and exits the LCD. 

[023] In the conventional reflective LCD as described above, the light that is 
incident into the device from an external light source situated at a predetermined direction is 
reflected to the side opposite to the light source so that the viewing angle becomes 
narrower. 

[024] FIG. 3 is a graph illustrating the variation in reflection intensity versus the 
reflecting angle when a reflective plate is formed as a flat mirror without a scattering layer 
in the conventional LCD. The maximum reflection intensity may be found at a reflection 
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angle of 30° with respect to the light that is incident at an incident angle of -30°. The plate 
shows that the maximum reflection intensity appears at about 30° when viewed with 
reference to a reflecting surface contacting with the liquid crystal layer. This is because the 
light with an incident angle of 30° enters into the LCD that has a high refraction unlike air 
and thus the light is refracted. The light refracted in the LCD is reflected by the mirror 
reflecting surface and reflected and outputted at the same reflection angle as the incident 
angle. The reflection angle is considered to be 30° because the incident angle is considered 
to be 30° in the general reflective LCD. The light that is incident from the side is reflected 
at an output angle of 30° in the opposite direction with the incident angle with respect to a 
normal direction. 

[025] Accordingly, because the reflected light cannot be found at the front 
reflection angles (output angle of 0° to 10°) the conventional reflective LCD having a mirror 
reflecting surface cannot function as a display device. Accordingly, there is a need for 
technologies to direct the reflected light toward the front main viewing environment of the 
user. Peaks and depressions are formed on the reflecting surface of the conventional 
general reflective LCD in order to scatter the reflected light in various directions. 

[026] FIG. 4 is a schematic plan view of a reflective LCD having a reflective plate 
with a peak and depression structure and FIG. 5 is a sectional view taken along the line II-II 
of FIG. 4 and shows a thin film transistor region of the reflective LCD; 

[027] FIG. 4 shows a lower substrate on which the thin film transistor and the pixel 
region are prepared. FIG. 5 shows also an upper substrate having a color filter with the 
lower substrate of the reflective LCD. 

[028] A plurality of data lines 256 applying a data signal to a source electrode 261 
and a plurality of gate lines 255 applying a gate signal to a gate electrode 221 are formed in 
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matrix on a glass substrate 21 1 on the lower substrate of the conventional reflective LCD. 
An area made by the crossing of the data lines 256 and the gate lines 255 becomes a pixel 
region to display an image. In a reflective LCD, a pixel electrode 281 with a structure of 

o 

peaks and depressions that serves as a reflective plate is formed on this pixel region. 

[029] As shown in FIG. 5, a gate electrode 221 made of conductive material such 
as metal is formed on a transparent glass substrate 211 and a gate insulating layer 230 made 
of silicon nitride (SiNx) film or a silicon oxide (SiOx) film covers the gate electrode 221. 
An active layer 241 made of amorphous silicon is formed on the gate insulating film 230 of 
the gate electrode 22 1 . An ohmic contact layer 25 1 and 252 made of impurity-doped 
amorphous silicon is next formed thereon. Source and drain electrodes 261 and 262 made 
of conductive material such as metal are formed on the ohmic contact layer 251 and 252, 
and the source and drain electrodes 261 and 262 form a thin film transistor T with the gate 
electrode 221. 

[030] A passivation layer 270 made of a silicon nitride (SiNx) film, a silicon oxide 
(SiOx) film or an organic insulator is formed on the source and drain electrodes 261 and 
262, and the passivation layer 270 has a contact hole 271 to expose the drain electrode 262. 

[031] A pixel electrode 281 made of transparent conductive material is formed on 
the pixel region of the upper portion of the passivation layer 270, and the pixel electrode 
281 is connected to the drain electrode 262 through a contact hole 271. To display an image 
in a reflective LCD, the pixel electrode 281 serves as a reflecting surface. The gate 
electrode 221 is connected to a gate line 255, and the source electrode 261 is connected to a 
data line 256. The gate line 255 and the data line 256 are substantially parallel to each other 
to define pixel region. 
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[032] An upper substrate is formed above the lower substrate configured as 
described above and spaced from the lower substrate. A black matrix 220 is formed on the 
upper substrate corresponding to the portion of the thin film transistor under the transparent 
glass substrate 210 to prevent light from leaking in an area other than pixel region. 

[033] A color filter 231 is formed under the black matrix 220 and three colors red, 
green and blue are formed in order on the color filter 23 1 . One color corresponds to one 
pixel region. 

[034] Subsequently, a common electrode 240 made of transparent conductive 
material is formed on the lower portion of the color filter 231. A second alignment layer 
which is made of material such as polyimide and whose surface is aligned in some direction 
is formed on the lower portion of the common electrode 240 (not shown). 

[035] In the general reflective LCD configured as described above, the light that is 
incident through the upper substrate passes through the liquid crystal layer 290, is reflected 
by the reflecting surface, and passes the liquid crystal layer 290 and the upper substrate 
successively exits the LCD. On the pixel region of the reflective LCD configured as above, 
the reflective plate with a peak and depression structure is formed. When the reflective 
plate of the reflective LCD is formed with a peak and depression structure 282, the pattern 
of the peak and depression structure 282 may be formed in a regular configuration or in an 
irregular configuration in another embodiment. 

[036] When the incident light from outside the LCD is reflected and projected by 
the peak and depression structure 282 of the reflecting surface formed on the pixel region of 
the reflective LCD, the incident light can be reflected with various angles due to the peak 
and depression structure 282 so that light scattering is induced. 
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[037] FIGs. 6 and 7 are schematic partial sectional views illustrating the light 
scattering effect in the reflective LCD that has a reflective plate with the peak and 
depression structure. If light is incident from the side of the LCD with a predetermined 
incident angle (generally about 30°), the incident light is refracted due to a refraction index 
difference between the liquid crystal layer and air while passing through the liquid crystal 
layer. The refracted light is reflected diffusively by the reflecting surface of the peak and 
depression structure, passes through the liquid crystal layer and the upper substrate 
successively, and then exits the LCD. 

[038] The light reflected out of the LCD is not limited to reflections to the opposite 
side of the LCD, but the light is reflected in various directions so that the improved 
reflection intensity can be obtained at the front side that is the typical user location. 

[039] Referring to FIG. 7, with a viewing angle range between 0° and 10° to the 
normal direction that is the typical viewing angle of the user, the light that is incident from 
the outside with an incident angle of 30° is diffusively reflected by the reflecting surface of 
the peak and depression structure. The refraction index of air is nl = 1.0 and the refraction 
index of the LCD is n2 = 1.5. 

[040] FIGs. 8A and 8B are a graph illustrating reflection intensity versus the 
reflection angle of the reflective LCD that has a conventional mirror type reflective plate 
and a graph illustrating reflection intensity versus the reflection angle of the reflective LCD 
that has a conventional reflecting surface with a peak and depression structure, respectively. 

[041] In FIG. 8A, the reflection intensity has a maximum value at the reflection 
angle of about 30° with respect to light that is incident with an incident angle of 30°. This is 
because light with an incident angle of about 30° enters into the LCD that has a high 
refraction index unlike air. The light refracted in the LCD is reflected by the mirror type 
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reflecting surface and exits from the LCD with a reflection angle that is the same as the 
incident angle. Accordingly, the reflected light cannot be emitted at the front reflection 
angles (output angle 0-10°) corresponding to the typical main user location. 

[042] FIG. 8B is a graph illustrating the reflection intensity versus the reflection 
angle of the reflective LCD that has a conventional reflecting surface with the peak and 
depression structure. Comparing this with the reflection intensity characteristic of the 
mirror type reflecting surface described above, the reflective LCD has some amount of 
reflection intensity at a front reflection angle of about 0° to about 10° corresponding to the 
typical user location. 

[043] Here, integration ratios of the functions in the graphs of FIGS. 8A and 8B are 
the same as each other. The factor to determine the characteristic of the graph is in the peak 
and depression structure of the reflecting surface to allow the light that is incident to be 
scattered in various angles by the light scattering effect. 

[044] Accordingly, for efficient light reflection of the reflecting surface, it is 
desirable to make the reflecting surface have the structure of peaks and depressions. An 
embodiment of forming the reflecting surface will be described referring to FIGs. 9 and 10. 

[045] FIGs. 9A through 9D show schematically a peak and depression formation 
method using a one- layer process to form a reflective plate of a reflective LCD that has a 
conventional reflecting surface with the peak and depression structure. 

[046] Referring to FIG. 9A, first, the substrate 300 is coated with a photosensitive 
resin film 310 (for example, polymer resin) to form the peak and depression structure using 
a process such as a spin coating, a roll coating, or the like. 
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[047] As shown in FIG. 9B, a diffraction mask 320 that has a plurality of slits 
formed at predetermined locations is aligned over the photosensitive resin film 310, and 
ultraviolet radiation (denoted by arrows on the drawings) is irradiated from above. 

[048] As shown in FIG. 9C, when developing the photosensitive resin film 310 the 
peaks and depressions have a height difference due to the photosensitive resin film 310 
being exposed at different exposure intensities due to the diffraction mask 320. This results 
in a plurality of peak patterns 330 on the substrate 300. 

[049] Through a curing bake process, the plurality of peak patterns 330 of the 
photosensitive resin film are softened. During the softening process, the thick upper portion 
is melted and flows down to finally form hemi-spherical peaks 340 as shown in FIG. 9D. 

[050] However, the one-layer processing method as described above has a 
precision problem with the exposure method and exposure mask. 

[051] According to recent research, the optimal front reflection ratio may be 
obtained when a ratio of height to radius of the finally formed peak is 1 : 10 more or less and 
the radius of the peak is formed at 4 ~ 5 ^m more or less. 

[052] However, in the reflective LCD of the one-layer process method, if the peak 
pattern of the reflecting surface is about 5 /xm, because the height of the peak and 
depression should be controlled to be 0.5 fim, the process margin is very little. 

[053] When the peak and depression pattern is formed randomly to avoid the 
interference of light generated between peaks while the light is reflected in the process, the 
gap between the peaks is generated due to the random arrangement and the density of the 
peaks is lowered. 
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[054] When forming the peaks of the reflecting surface as described above, the 
peak scatters light due to the unevenness of the hemi-spherical surface to the external 
incident light. However, because the portion between the peaks is flat, there still exists a 
problem that reflection intensity is high only in a specific direction. 

[055] To overcome the disadvantages of special exposure such as diffraction 
exposure, there are methods as reflecting surface formation method. 

[056] FIGS. 10A through 10E show schematically a peak and depression formation 
using a two-layer method to form a reflecting surface of a reflective LCD that has a 
conventional reflecting surface with the peak and depression structure. 

[057] Referring to FIG. 10A, first, the substrate 400 is formed with a 
photosensitive resin film 410 (for example, polymer resin) to form the peak and depression 
structure using the method such as spin coating, roll coating, or the like. The thickness of 
the photosensitive resin film 410 is 2 to 3 /im. 

[058] As shown in FIG. 10B, a diffraction mask 420 that has a plurality of slits 
formed at predetermined locations is aligned over the photosensitive resin film 410, and 
ultraviolet radiation (denoted by arrows on the drawings) is irradiated from above. 

[059] As shown in FIG. 10C, when developing the photosensitive resin film 410 
the peaks and depressions have a height difference due to the photosensitive resin film 410 
being exposed at different exposure intensities due to the diffraction mask 420. This results 
in a plurality of peak patterns 430 on the substrate 400. 

[060] Subsequently, through the curing bake process, the plurality of peak patterns 
430 of the photosensitive resin film are softened to form curved hemi-spherical patterns 440 
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of peaks and depressions as shown in FIG. 10D. The photosensitive resin film peak and 
depression pattern 430 can be implemented to have different heights. 

[061] If photo acryl is coated on the peak and depression pattern formed by the 
process and hardened, as shown in FIG. 10E, the photo acryl layer 460 flows along the 
curve of the peaks and depressions, fills the depressions and finally decreases the height 
difference between the peaks and depressions so that the desired peak and depression 
structure is formed. However, the two-layer process is sensitive to the thermal 
characteristic of the second formed acryl layer. 

[062] When the peak and depression pattern is formed randomly to avoid the 
interference of the light generated between peaks and depressions while the light is reflected 
in the process, the gap between the peaks is generated due to the random arrangement and 
the density of the peaks is lowered. Therefore the reflection efficiency is lowered. 

SUMMARY OF THE INVENTION 
[063] Accordingly, the present invention is directed to a reflective plate and 
fabrication method thereof that substantially obviates one or more problems due to 
limitations and disadvantages of the related art. 

[064] An advantage of the present invention is to provide a reflective plate of a 
reflective or transflective LCD and fabrication method thereof in which a reflecting surface 
of the reflective plate having a peak and depression surface is formed to have a maximum 
peak and depression density so that light efficiency and reflection efficiency of the 
reflecting surface are increased and a first peak and depression layer is formed in a random 
structure and a second peak and depression layer is formed between the first peak and 
depression layer. 
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[065] Additional features and advantages of the invention will be set forth in the 
description which follows, and in part will be apparent from the description, or may be 
learned by practice of the invention. The advantages of the invention will be realized and 
attained by the structure particularly pointed out in the written description and claims hereof 
as well as the appended drawings. 

[066] To achieve these and other advantages and in accordance with the purpose of 
the invention, as embodied and broadly described, there is provided a method for 
fabricating a reflective plate used in a liquid crystal display including depositing a first 
organic insulating layer on a substrate, forming a first peak and depression layer in the first 
organic insulating layer by using a first mask, depositing a second organic insulating layer 
on the first peak and depression layer, forming a second peak and depression layer in the 
second organic insulating layer by using a second mask, and forming a reflective electrode 
on the first and second peak and depression layers. 

[067] In another aspect of the present invention, there is provided a reflective plate 
used in a liquid crystal display including a substrate, a first peak and depression layer of 
organic insulator on the substrate, a second peak and depression layer of organic insulator 
overlapping with the first peak and depression layer, and a reflective layer on the first and 
second peak and depression layers. 

[068] It is to be understood that both the foregoing general description and the 
following detailed description are exemplary and explanatory and are intended to provide 
further explanation of the invention as claimed. 
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BRIEF DESCRIPTION OF THE DRAWINGS 
[069] The accompanying drawings, which are included to provide a further 
understanding of the invention and are incorporated in and constitute a part of this 
specification, illustrate embodiments of the invention and together with the description 
serve to explain the principle of the invention. 

[070] In the drawings : 

[071] FIG. 1 is a plan view of a liquid crystal display according to the related art; 

[072] FIG. 2 is a sectional view taken along the line I-I of FIG. 1 and schematically 
shows a thin film transistor region of the liquid crystal display; 

[073] FIG. 3 is a graph illustrating the variation in reflection intensity versus the 
reflecting angle when a reflective plate is formed as a flat mirror without a scattering layer 
in the conventional LCD; 

[074] FIG. 4 is a schematic plan view of a reflective LCD having a reflective plate 
with a peak and depression structure; 

[075] FIG. 5 is a sectional view taken along the line II-II of FIG. 4 and shows a 
thin film transistor region of the reflective LCD; 

[076] FIGs. 6 and 7 are schematic partial sectional views illustrating the light 
scattering effect in the reflective LCD that has a reflective plate with the peak and 
depression structure; 

[077] FIGs. 8 A and 8B are a graph illustrating reflection intensity versus the 
reflection angle of the reflective LCD that has a conventional mirror type reflective plate 
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and a graph illustrating reflection intensity versus the reflection angle of the reflective LCD 
that has a conventional reflecting surface with a peak and depression structure, respectively; 

[078] FIGs. 9A through 9D show schematically a peak and depression formation 
method using a one-layer process to form a reflective plate of a reflective LCD that has a 
conventional reflecting surface with the peak and depression structure; 

[079] FIGS. 10A through 10E show schematically a peak and depression formation 
using a two-layer method to form a reflecting surface of a reflective LCD that has a 
conventional reflecting surface with the peak and depression structure; 

[080] FIG. 1 1 is a plan view schematically showing a reflective liquid crystal 
display according to the present invention; 

[081] FIG. 12 is a sectional view taken along the line III-III of FIG. 1 1 and 
schematically shows a thin film transistor region of the liquid crystal display; 

[082] FIG. 13 is a graph showing reflection intensity values versus the reflection 
angles in a reflective LCD with a reflective plate having a peak and depression structure 
according to the present invention; 

[083] FIG. 14 is a partial sectional view illustrating the light scattering effect in a 
reflective LCD with a reflective plate having a peak and depression structure according to 
the present invention; 

[084] FIGs. 15A to 15H are sectional views illustrating a process for forming a 
reflective plate in a reflective LCD with a peak and depression structure according to the 
present invention; and 
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[085] FIGs. 16A and 16B are plan views illustrating the structures of reflective 
plates formed in a pixel region in a reflective LCD with a reflective plate having a peak and 
depression structure according to the present invention. 

DETAILED DESCRIPTION OF THE INVENTION 
[086] Reference will now be made in detail to an embodiment of the present 
invention, example of which is illustrated in the accompanying drawings. 

[087] FIG. 1 1 is a plan view schematically showing a reflective liquid crystal 
display according to the present invention and FIG. 12 is a sectional view taken along the 
line III-III of FIG. 1 1 and schematically shows a thin film transistor region of the liquid 
crystal display. 

[088] In FIG. 1 1, a lower substrate provided with a thin film transistor and a pixel 
region is shown. In FIG. 12, a lower substrate is shown along with an upper substrate 
having a color filter. As previously mentioned, a lower substrate of a conventional 
reflective LCD includes a glass substrate 511, and a plurality of data lines 556 for applying 
data signals and a plurality of gate lines 555 arranged in a matrix configuration on the glass 
substrate 511. Regions defined by the crossing of the data lines 556 and the gate lines 555 
correspond to pixel regions for displaying images. In a reflective LCD, a reflective plate 
581 consisting of two layers each having a peak and depression structure 582 is formed. 

[089] As shown in FIG. 12, a gate electrode 521 of conductive material such as 
metal is formed on the transparent glass substrate 511. A gate insulating layer 530 of 
silicon nitride (SiNx) or silicon oxide (SiOx) covers the gate electrode 521 . On the gate 
insulating layer 530 covering the gate electrode 521, an active layer 541 of amorphous 
silicon is formed. On the active layer 541, an ohmic contact layer 551, 552 of impurity- 
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doped amorphous silicon is formed. On the ohmic contact layer 551, 552, source and drain 
electrodes 561 and 562 of conductive material such as metal are formed. The source and 
drain electrodes 561 and 562 form a thin film transistor (T) together with the gate electrode 
521. 

[090] On the source and drain electrodes 561 and 562, a passivation layer 570 of 
silicon nitride (SiNx), silicon oxide (SiOx) or organic insulator is formed. The passivation 
layer 570 has a contact hole 571 exposing the drain electrode 562. The passivation layer 
570 may be formed by sequentially depositing a first passivation film of SiNx or the like 
and a second passivation film of BCB or the like. 

[0911 On the pixel region of the passivation layer 570, a reflective plate 581 of 
transparent conductive material is formed. The reflective plate 581 is connected with the 
drain electrode 562 through the contact hole 571 formed in the passivation layer 570. The 
reflective plate 581 also serves as the pixel electrode so as to display an image. 

[092] Although not shown in the drawings, on the reflective plate 581, an 
alignment layer of material such as polyimide aligned in a predetermined direction is 
formed. 

[093] The gate electrode 521 is connected with the gate line 555, and the source 
electrode 561 is connected with the data line 556. The gate line 555 is arranged 
substantially perpendicular with the data line 556 to define the pixel region. 

[094] Over the lower substrate having the aforementioned structure, an upper 
substrate is arranged at a predetermined distance. The upper substrate includes a black 
matrix 520 formed to correspond to the thin film transistor of the lower substrate, to prevent 
light from leaking in areas other than the pixel region. 
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[095] Below the black matrix 520, a color filter 53 1 of red (R), green (G) and blue 
(B) is sequentially and repeatedly formed. In the color filter 531, one color corresponds to 
one pixel region. The color filter 531 may be formed by a dye method, a printing method, a 
pigment dispersion method, an electrodeposition method or the like. Afterwards, a common 
electrode 540 made of transparent conductive material is formed on the lower portion of the 
color filter 53 1 . Although not shown in the drawings, below the common electrode 540, a 
second alignment layer made of material such as polyimide having an alignment surface 
aligned in a predetermined direction is formed. 

[096] In the general reflective LCD configured as described above, the light that is 
incident through the upper substrate passes through liquid crystal layer 590, is reflected by 
the reflecting surface, passes through the liquid crystal layer 590 and the upper substrate 
sequentially, and exits the LCD. 

[097] The structure of the reflecting surface formed in the pixel region will be 
described in brief. In a process for fabricating the peak and depression structure of 
reflecting surface, a first irregular layer 583 is formed on the substrate to a first thickness, 
such as approximately 1 jxm, that is easy to control during its fabrication process. In the 
first peak and depression layer 583, the peaks may be formed to have a radius ranging from 
7 jxm to 15 jam corresponding to an height to radius ratio of 1 : 10. 

[098] Next, a second peak and depression layer 584 is formed on the first peak and 
depression layer such that the second peak patterns of the second peak and depression layer 
584 are placed between the first peaks of the first peak and depression layer 583. The 
second peak and depression layer 584 may formed such that the height of the peak of the 
second peak and depression layer 584 is about half of the height of the first peaks of the first 
peak and depression layer 583 and about half of the radius of the first peak pattern. 
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[099] Above, the terms of the first peak and depression layer 583 and the second 
peak and depression layer 584 are named because in the process forming the reflecting 
surface of the peak and depression structure, the first peaks are first randomly formed and 
the second peaks are secondly randomly formed. 

[0100] In other words, as previously mentioned, forming the second peak and 
depression layer 584 on the reflecting surface is carried out to remain only the upper portion 
of the first peak pattern, 50 % of the original height of the first peak pattern and to form the 
second peak and depression layer 584 at a height ranged from 1 |im to 1 .5 jam along 
intervals between the first peak patterns of the first peak and depression layer 583 to 
maximize the density of the peaks in the reflective plate. 

[0101] Also, because a sufficient distance is left between the first peaks of the first 
peak and depression layer 583, it may be possible to obtain a desired randomness. In 
addition, because the height and width of the shapes of the first and second peak and 
depression layers 583 and 584 are controllable to be different from each other, interference 
may be minimized at the maximum density. 

[0102] After the first and second peak and depression layers 583 and 584 are 
formed, the reflective plate 581 serving as the pixel electrode is formed on the second peak 
and depression layer 584. 

[0103] FIG. 13 is a graph showing reflection intensity values versus the reflection 
angles in a reflective LCD with a reflective plate having a peak and depression structure 
according to the present invention. 

[0104] When light that is incident at an angle of -30°, uniform reflection intensity 
values are shown for angles ranging from -10° to 50°. The light that is incident on the LCD 
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is refracted therein, is diffusively reflected with high efficiency by the reflecting surface of 
the peak and depression structure, and exits from the LCD. The output light shows uniform 
and high reflection intensity at reflection angles of 0 - 10° in front of the display that is the 
typical user location. 

[0105] The characteristic of the graph depends on the peak and depression structure 
that allows incident light to be scattered at various angles. To enhance reflection efficiency 
and maximize the density of the peaks, the peak and depression structure of the reflective 
plate is formed by first randomly forming the first peak patterns and secondly randomly 
forming the second peak patterns between the first peaks. 

[0106] FIG. 14 is a partial sectional view illustrating the light scattering effect in a 
reflective LCD with a reflective plate having a peak and depression structure according to 
the present invention. When light is incident upon an LCD with an incident angle of about 
30°, the light is refracted due to a refraction index difference between the liquid crystal layer 
(refractive index: 2) and air (refractive index: 1). The refracted light is reflected by the 
reflecting surface of the peak and depression structure and exits the LCD. The reflected 
light is not reflected in a specific direction but is diffusively reflected in various directions 
so that an improved reflection intensity may be obtained in front of the LCD that is the 
typical location of the user. In other words, in a viewing angle ranging from 0° to 10° with 
respect to the normal direction, the light that is incident upon the LCD is diffusively 
reflected off the reflective plate 680 to increase reflectivity. 

[0107] FIGs. 15A to 15H are sectional views illustrating a process for forming a 
reflective plate in a reflective LCD with a peak and depression structure according to the 
present invention. Hereinafter, the height and radius of the peaks and the variety of 
methods used in the fabrication process as disclosed below serve as examples of the present 
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invention. Other heights and radii as well as other fabrication methods may be use with the 
present invention. 

[0108] Referring to FIG. 15 A, first, a photosensitive resin film (for example, 
polymer resin) 710 is coated on a substrate 700 by a method such as a spin coating, a roll 
coating or the like so as to form a peak and depression structure. The photosensitive resin 
film 710 is formed with a thickness of about 1 |xm which thickness may be controlled in 
forming a first peak and depression layer. 

[0109] As shown in FIG. 15B, a first mask 720 with a plurality of holes is aligned 
with the photosensitive resin film 710 and ultraviolet rays (denoted by arrows in the 
drawings) are irradiated onto the photosensitive resin film 710 to form a peak and 
depression pattern. The hole pattern of the first mask 720 is designed such that peaks are 
randomly arranged on the peak and depression structure in the pixel region. 

[0110] After the irradiation of the ultraviolet rays, a developing process is carried 
out, so that a plurality of peak patterns (first peak pattern) 730 corresponding to the shapes 
of the slits formed in the first mask 720 are formed on a substrate 700. The photosensitive 
resin film 710 in the present example is formed at the thickness of about 1 jam, so the radii 
of the peak patterns are formed to have a value of about 10 jam in accordance with an ideal 
ratio of height to radius of 10 to 1 . 

[0111] Through a curing and baking process, the plurality of peaks 730 of the 
photosensitive resin film is softened to form a hemi-spherical peak pattern 740 as shown in 
FIG. 15D. Alternatively, the peaks 730 may be formed at different heights. 
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[0112] Next, as shown in FIG. 15E, a photo acryl film 750 is coated on the hemi- 
spherical peak pattern 740 and the substrate 700 by a spin coating, a roll coating, or the like 
at a thickness ranging from 1 \im to 1 .5 |im. 

[0113] Afterwards, as shown in FIG. 15F, a second mask 770 with a plurality of 
holes is aligned with the photo acryl film 750 and ultraviolet rays (denoted by arrows on the 
drawings) are irradiated onto the photo acryl film 750 to form a peak and depression 
pattern. The hole patterns of the second mask 770 are designed to form a plurality of peaks 
between the first peak patterns 740. Thereafter, through a developing process, a plurality of 
acryl peak patterns 780 corresponding to the holes of the second mask 770 are formed 
between the first peak patterns 740 as shown in FIG. 15G. Lastly, through a melt baking, 
the plurality of acryl peak patterns 780 are softened to form a second hemi-spherical peak 
pattern 790. In forming the second peak patterns 790 between the first peak patterns, the 
second peak patterns 790 are formed to leave the upper 50% of the height of the first peak 
pattern exposed and to cover the remaining portion. 

[0114] After the two layers of the hemi-spherical peak patterns 740 and 790 are 
formed, a reflective plate (not shown) serving as a pixel electrode is formed thereon. 

[0115] By forming the first peak and depression layer and the second peak and 
depression layer as described above, it is possible to maximize the density of the peaks. 
Also, by forming the second peak patterns on the reflecting surface between the first peak 
patterns, may a high reflection intensity in a specific direction be prevented, and a sufficient 
interval may be secured between the first peak patterns to* obtain a desired randomness 
while forming the peaks. In addition, because it is possible to control the shapes of the first 
and second peaks, the interference influence of light may be minimized at a maximum 
density of the peaks. 
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[0116] While the above embodiment shows and describes a fabrication process 
using masks each having a light transmission region and a light reflecting region, the 
invention may use a diffraction mask or semi-transmission mask. 

[0117] FIGs. 16A and 16B are plan views illustrating the structures of reflective 
plates formed in a pixel region in a reflective LCD with a reflective plate having a peak and 
depression structure according to the present invention. FIG. 16A shows a reflective plate 
in which a first peak and depression layer 810 is formed on a pixel region, and FIG. 16B 
shows the final shape of the reflective plate in which peak patterns of a second peak and 
depression layer 820 are formed between the first peak patterns of the first peak and 
depression layer 810. 

[0118] In FIG. 16 A, the first peak patterns of the first peak and depression layer 810 
are randomly formed so as to prevent the reflectivity from being lowered as when they are 
formed regularly. 

[0119] Next, as shown in FIG. 16B, the second peak patterns of the second peak and 
depression layer 820 denoted by a dotted line are formed between the first peak patterns of 
the first peak and depression layer 810 denoted by a solid line. 

[0120] By forming the first and second peak patterns as described above, the 
reflecting surface of the reflective plate formed on the pixel region of the LCD also has a 
peak and depression structure corresponding to the first and second peak patterns. Hence, 
light that is incident upon the LCD is diffusively reflected by the peak and depression of the 
reflecting surface so that reflectivity is enhanced over a range of viewing angles to improve 
the reflection intensity for a user. 
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[0121] In an LCD with the reflective plate of the present invention, by forming the 
first peak and depression layer in a random configuration and forming the second peaks of 
the second peak and depression layer between the first peaks of the first peak and 
depression layer, it is possible to maximize the density of the peaks in the reflective plate. 
Also, forming the second peak patterns at a reflecting surface portion between the first 
peaks of the first peak and depression layer prevents a high reflection intensity only in a 
specific direction, so that light that is reflected by the reflective plate is not reflected only in 
a specific direction but is diffusively reflected in various directions. As a result, an 
improved reflection intensity in front of the LCD my be obtained. 

[0122] Further, because it is possible to secure a sufficient interval between the first 
peaks of the first peak and depression layer, a desired randomness may be obtained. Also, 
because the first and second peak and depression layers may be different shapes, the light 
interference influence may be minimized at the maximum density of the peaks, so that light 
efficiency and reflection efficiency of the reflective plate may be enhanced. 

[0123] Furthermore, because the invention uses a patterning method to form the 
structure of the first and second peak and depression layers of the reflecting surface in a 
reflective LCD or a transflective LCD, the peak structure may be stably formed with a 
repeatable fabrication method. 

[0124] It will be apparent to those skilled in the art that various modifications and 
variation can be made in the present invention without departing from the spirit or scope of 
the invention. Thus, it is intended that the present invention cover the modifications and 
variations of this invention provided they come within the scope of the appended claims and 
their equivalents. 
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